We used eye-surface temperature and heart rate as simple, noninvasive physiological indices to evaluate dogs' responses to an approaching person. Thirteen healthy pet dogs (49.62 ± 31.42 months; 19.28 ± 11.46 kg) were recruited as subjects to investigate physiological responses to approach. We set up two types of approach (smiling and expressionless) by familiar or unfamiliar people of either sex, and all tests were recorded by video cameras. Eye temperature was measured with an infrared thermal camera image, and the dog was equipped with a heart-rate monitor during testing. There were temporal changes in heart rate, and response time differed between HR and eye temperature. Although it may be the one which has to control both a background of the dogs or observational environment, and the response time of each parameter needs to be considered, these two parameters should be useful for non-invasive monitoring of physiological states in dogs in various practical animal situations.
Introduction
Body temperature is affected by changes in emotions: for example, the temperature of the tail or limbs falls in association with phobic responses in rats [1] . Although body temperature is maintained within fixed limits by autonomic regulation and thermoregulatory behavior, the precise nature of each physiological response and behavioral action differs with changes in environmental temperature. Often the body temperature of animals is measured inside the rectum or an ear. However, because animals can feel pain during measurement in such re-gions-not only from insertion of the measuring device but also from the restraint used-stress needs to be taken into consideration. Attention has therefore been given to thermography as a non-invasive and simple method of measuring body temperature.
Travain et al. evaluated eye temperature in dogs in a stressful situation using infrared thermography; they also suggested that infrared thermography may be a useful tool for investigating emotional psychogenic stress in dogs [2] . Although it is possible to measure eye temperature continuously [3] , the activity level of the dog may affect the quality of the recorded images. Gauvin et al. reported that there was a low-amplitude circadian rhythm in telemetrically recorded core body temperatures in laboratory beagle dogs [4] . Our focus here was to measure eye temperature, not continuously but at intervals; we hypothesized that infrared thermography could be used effectively for this purpose in environment where it was not possible to collect data continuously.
Thermography detects the infrared rays emitted by the surface of an object and displays them as an image. Fukuzawa et al. reported that infrared thermography and ear temperature, and their interaction, were physical indices of the response of dogs to human approach. The skin-surface temperature of the dogs tested changed with the approach of humans, and a positive correlation was observed between ear temperature (as measured with a Vet-Temp Instant Ear Thermometer; Advanced Monitors Corporation, CA, USA) and eye-surface temperature (as measured with an infrared thermographic camera) [5] .
Human approach likely affects the dogs' emotions and thus the temperature of the blood flowing through the subcutaneous issues. The heart circulates blood to the whole body and is controlled by both sympathetic and parasympathetic nerves. The sympathetic system works to protect an individual from the external world, and the parasympathetic system acts to maintain the individual. The heart rate (HR) is therefore an index of the balance between stimulation of the two types of autonomic nerves. For example, HR in sheep rises with transfer stress [6] , and HR in dogs rises with aversive stimuli, such as the opening and closing of an umbrella, or noise at 110 to 120 dB [7] . Therefore, because HR rises with increasing stress, it is a useful objective index of behavioral state (i.e. of the excitement or stress relevant to sympathetic nerve stimulation). Our aim here was to evaluate the interaction between human approach manner and two noninvasive physiological indicators (infrared thermography and HR) in dogs.
Materials and Methods

Dogs
Thirteen healthy pet dogs (5 neutered females, 4 non-neutered females, and 4 castrated males) were recruited. There were 4 German shepherds, 2 miniature schnauzers, 1 Labrador retriever, 1 Golden retriever, 1 Border collie, 1 Shiba-inu, 1 Chihuahua, and 2 mixed-breed dogs. Ages ranged from 12 to 121 months (49.62 ± 31.42 months), and body weights ranged from 4.5 to 39.7 kg (19.28 ± 11.46 kg). Seven (38.57 ± 25.25 months/23.29 ± 8.01 kg) out of thirteen dogs were only joined in a familiar people approach, and twelve dogs (52.17 ± 31.38 months/18.06 ± 11.05 kg) including new six dogs were joined in an unfamiliar people approach. The dogs had received basic obedience training from their owners or from the same female dog trainer before entering the study. These basic training periods depended on each dog. None of the dogs had a history of extreme aggressive or fearful responses toward people during their everyday lives. All owners or persons who regularly handled the dogs were informed and agreed to attend the study. On the day of the experiment, the dogs were kept individually in their own familiar kennels (see below for details) at the university during the day and were all handled equally. They returned to their own homes after finishing the experimental work. All dogs normally had contact with the outside environment and with humans during the daytime, but from 30 min before the start of the test their contact with unfamiliar humans was restricted to avoid excessive excitement.
Approaching and Staying Persons
Either a person familiar with the dog or a person unfamiliar with it made the approach. The familiar persons were two graduate students (in their 20s; one of either sex) who had looked after the dog for 3 months continuously during the daytime when it had stayed in its own kennel. The dogs regularly stayed at the university on weekdays and went home to their families at night and on the weekends. The unfamiliar persons were four graduate students (in their 20s; two males and females) who had not met or had contact with the dog in the past. On each of the two experimental days, one familiar female and male and one unfamiliar female and male (i.e. a total of four people) approached the dog in random order by using one of two randomly allocated approach manners (see below), giving a total of four trials each day.
Experimental Environment
For each test, a dog was brought from its day kennel at the university to the experimental room (floor dimensions 3.60 × 5.75 m, Figure 1) , which was located next to the day kennels. The room temperature was controlled at 24.0˚C ± 1.5˚C.
Test Procedure
The handler, who was well known to the dogs, took off the lead and allowed the dog to search the experimental space freely. After the searching behavior (e.g. walking around the experimental space, sniffing the floor) had ended (about 3 to 5 min), the handler put the lead back on and fitted a Polar HR monitor (RS800sd; Polar Electro Oy Vorp, Kempele, Finland) to the dog. The dog was then left to sit quietly beside the handler for 15 min so that we could obtain a baseline HR. All dogs were able to maintain a sitting posture with no major movement during the 15 min.
After 15 min, the first thermal eye images were recorded (T1) with an infrared thermographic camera (Nippon Avionics Co., Ltd, Tokyo, Japan) as a baseline eye image. The camera was positioned approximately 2.4 m from the dog. The maximum temperature was used in our data analysis.
The approach person entered the room and waited behind a wooden screen (180 × 180 cm). The person then moved in front of the screen and called the dog's name once, maintaining eye contact with the dog. Two types of approach ("smiling" and "expressionless") were used. The approach person kept looking slightly above the dog's face and approached with either a smile ("smiling") or no expression ("expressionless"). The person stopped at the point where the dog seemed to be frightened or wary, finally moving forward to a distance of 70 cm from the dog within 2 min of stopping, at which time thermal images were recorded (T2). No dogs showed these behaviors during tests.
The handler stayed in his or her own fixed position next to the dog and did not present the dog with any stimuli (e.g. no pulling back on the leash or encouraging the dog to stay in position), even if the dog pulled on the leash after the approach began. The handler held the leash as neutrally as possible during testing; he or she did not look at the approaching person and did not encourage the dog to look at the approaching person. Images were recorded again 5 min after the person had stopped 70 cm from the dog (T3; i.e. the approaching person Figure 1 . Observational environment. Two video cameras and an infrared thermography camera were installed. The operator stood beside the thermographic camera and the handler stood beside the dog. Before the test began, the approach person stood in the corridor (①); they then moved to stand facing the dog, which was sitting in a designated area 2 m away (② -④). . Between T3 and T4, the handler stayed in his or her own fixed position, did not present any stimuli to the dog, and did not attempt to restrain the dog's behavior. This series of procedures was taken as one trial. The familiar person of each sex entered once a day. An unfamiliar person of each sex also entered once a day. The interval between trials was at least 30 min, and the dog was put back into its kennel between trials. To prevent the possibility of habituation to the approach of an unfamiliar person, the two experimental days were separated by at least 1 month.
Statistical Analysis
The maximum eye temperature was used as a standard, and Avio PE Professional software (Nippon Avionics Co., Ltd, Tokyo, Japan) was used to analyze all thermal images. HR was recorded by using R-R interval data, and mean HR during each approach was used. The initial analysis used factorial measures analysis of variance (ANOVA) to assess the effect of approach manner, sex, and point of time on both eye temperature and HR. Post hoc Tukey's tests were used for pair-wise comparison of the means of each index when significant effects were found.
Results
Eye-Surface Temperature
There were no significant differences in eye-surface temperature between any of the time points in the case of either familiar or unfamiliar approaches, either smiling or expressionless ( Table 1) .
Heart rate
HR was significantly greater at T2 than at T1 and T4 in the case of both unfamiliar and familiar approaches (Tukey, P < 0.05). There were no other significant differences ( Table 2 ).
Discussion
We examined the validity of using two physiological indicators (eye-surface temperature and HR) to determine the reactions of dogs to approaches by familiar or unfamiliar humans of either sex using different facial expressions. Stewart et al. reported a significant rise in eye-surface temperature 30 and 60 min after cows had been exposed to stimuli such as epinephrine, adrenocorticotrophic hormone, bovine corticotrophin-releasing hormone, or social isolation; the images were recorded every 2 min [8] . Travain et al. exposed a dog to stimuli for 20 min; their recorded infrared thermographic images differed significantly between the pre-examination period and the period of examination by a veterinarian, and also between the examination and post-examination phases [2] . Nevertheless, there was no significant in our data. It may be difficult to discriminate the changes of both settings which familiar/unfamiliar person and which smiling/expressionless approach for dogs is. Or breed characteristics influenced our results. Vas et al. suggested that selective breeding may be more strongly influence the dogs' sensitivity to human social cues in different ways than sex differences [9] , and Vas et al. also reported that behavioral traits of dogs were susceptible to environmental influences [10] . On the other hand, De Meester et al. demonstrated that the value of the socially acceptable behavior test as a temperament test of dogs, and they suggest that behavioral aspects are useful way to discuss their temperament and dogs' response to several stimuli are generalizable to daily life [11] . Thus, it may be the one which has to control both a background of the dogs or observational environment and estimate a physiological response to a familiar/unfamiliar person again. Moreover, it was not possible to confirm dramatic changes over this short period of time, and they need to be considered once again in a further study by examining short-term changes using a thermal video camera, as Riva et al. suggested [3] .
Wells and Hepper reported that dogs housed in rescue shelters tended to stop barking earlier when a female approached than when a male approached [12] . The dogs might have expected a certain kind of reward (e.g. being spoken to in a gentle, high voice and stroked gently) when a female approached. Our former results have already suggested that a dog's behavioral response is influenced by the approach manner rather than by the sex of the approaching person, but neither factors affected eye temperature [5] . Our current eye-temperature results agree with these former results. During tests, the dogs seemed to have felt positive excitement at the approach of a female (as shown, for example, by increased frequency of tail wagging or panting; data not shown), but this did not affect their eye-surface temperatures.
Our recording of a significant rise in HR 2 min after the approaching person had stopped 70 cm from the dog suggested that HR could be used as an index for comparison with eye-surface temperature to check for early reactions. Palestrini et al. suggested that HR reacts predictably to stress or emotional stimuli [13] . Although temporal changes in HR were recorded in all the trials, the differences in HR among approach manners and among persons were not clear. In the smiling approach trials, the dog was wagging its tail and tried to move toward the approach person, thus pulling on the handler's lead. Thus the dog was excited by a smiling approach by a familiar person. However, this excitement did not cause physiological changes to the extent that eye-surface temperature increased. In the temporal changes in HR during this experiment, because a significant difference in HR was recorded after the approach (i.e. at T2) compared with T1 and T4, we consider that the sensitivity of HR to stimuli is high, and that HR is a useful index for judging real-time reactions. Dogs excel in social cognition in regard to humans; Miklósi et al. reviewed evidence that dogs could provide us with a wide range of information on behavioral flexibility across many social situations [14] . Beerda et al. reported that the reaction of the dog changes with the type of stimulus, but that HR normalizes from its peak at about the same time, regardless of the type of stimulus [7] . Dogs can notice either two-dimensional [15] [16] or three-dimensional [17] changes in human facial information and discriminate them. Therefore, in our experiment the approach by a human seemed to be recognized by the dog as a stimulus; in other words, the dog was likely influenced on a basic level by the approach of a human.
The results of our eye-surface temperature and HR evaluations of the reactions of dogs to two types of approach by people of two levels of familiarity suggest that the reaction times to each stimulus differ among indicators. This suggests that the dog slightly recognized whether the approach person was unfamiliar or familiar, although there was an individual difference. However, undeniably, the difference in reaction time between HR and eye temperature in response to stimulus disclosure may have influenced these results strongly. If eye temperature had been videotaped, then a different result might have been obtained. Therefore, to evaluate the reaction of a dog by using physiological indicators, it is necessary to take into consideration, and measure, the reaction time of each indicator. This individual influence on physiological markers needs to be investigated further in light of factors such as not only breed differences but also age, environment, and past experience.
